Braz Dent Sci 2018 Apr/Jun;21 (2) 231 INTRoDuCTIoN A n esthetic smile can strongly affect patients' facial appearance, improving their selfesteem and social relations [1] . Previous studies have shown that more than 30% of Americans report some degree of dissatisfaction with the color of their teeth [2] , vis-à-vis 20% among English individuals [3] . In fact, tooth bleaching has been used not only to treat severe cosmetic changes in tooth color, but also to improve the satisfaction of patients with their smile, since esthetic requirements have increased in our society [4] . Therefore, although smile attractiveness is related to several factors including shape and position of the teeth, tooth color has a strong effect on the ultimate esthetic and social perceptions, as brighter teeth are usually related to good oral health status [5] .
Tooth bleaching is a noninvasive technique for treating tooth discolorations and presents a high success rate in obtaining the desirable tooth color [6] . The bleaching effect is achieved due to free radicals generated by the breakdown of peroxide, which degrade the organic structure of dentin, promoting its lightening [7] . Tooth bleaching can be achieved by using either at-home techniques -when the patient uses a hydrogen peroxide-filled tray at home, or in-office procedures, by applying high-concentration bleaching agents over the discolored teeth [8] . Additionally, bleaching agents, including strips, paint-on, or hydrogen peroxide-filled trays, can be purchased over the counter [9] . Despite the similar results obtained by patients who used at-home and inoffice techniques [8, 10, 11] , those performed in-office are widely preferred by patients who are not willing to use trays or who want to avoid any contraindication associated with at-home techniques, such as gastrointestinal disorders [12] .
Most clinical trials evaluating tooth bleaching procedures have focused only on color changes measured through shade guides or spectrophotometry. It also has been demonstrated that in-office bleaching is able to change five shade guide units, on average, or achieve a ∆E around 16. An interesting previous study evaluating color difference thresholds in dentistry found that at least half of the laypersons included in the study considered color differences larger than 2.9 to be significantly important [13] . Therefore, color changes achieved with in-office bleaching are likely to be perceived by patients, but improvement in esthetic perception can differ from merely noting color changes. Esthetic perceptions are also affected by factors such as levels of social competence, intellectual ability, psychological adaptation, and sociability [14] . Accordingly, the aim of this study was to evaluate possible changes in esthetic perception of patients subjected to in-office tooth bleaching. The hypothesis was that the tooth color change affects the overall dental esthetic perceptions of patients.
mATeRIAls AND meThoDs
This study was part of a double-blind, randomized, cross-over, controlled clinical trial that assessed the effect of prior use of Cicladol® (piroxicam-beta-cyclodextrin) on the reduction of sensitivity caused by tooth bleaching with 35% hydrogen peroxide (Whiteness HP Maxx, FGM, Joinvile, SC, Brazil). This trial was registered at clinicaltrials.gov under protocol # NCT03153657 and was approved by the local Human Research Ethics Committee (CAAE: 50511415.1.0000.5546).
All participants included in the study signed the informed consent form. The study was conducted at the Dental School of the local University from May 2017 to August 2017.
Fifty participants were included ( Figure  1 ) in the trial after sample size calculation performed for the main outcome (reduction of tooth sensitivity risk) and according to the following inclusion criteria: any individual aged over 18 years interested in tooth bleaching, with all upper anterior teeth, and color equal to or darker than 2.5 M2 (VITA Bleachedguide 3D-MASTER®; Vita-Zahnfabrik, Bad Sackingen, Germany). The exclusion criteria were: presence of restorations or endodontic treatment in the upper anterior teeth; history of previous tooth bleaching treatment; smoking; history of any prior general and/or oral health condition that could put patients at risk during the study; pregnancy or lactation; any dental treatment planned to be performed during the course of the study; generalized periodontal disease; complex intrinsic staining related to tetracycline, fluorosis, or hypocalcification; previous dental sensitivity; allergic reaction to the components of the anti-inflammatory drug used or any clinical alteration that contraindicated its use; and continuous use of any anti-inflammatory drug or anti-oxidants.
Prior to bleaching, the patients were instructed to complete the Orofacial Esthetic Scale (OES) questionnaire and the Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ) -Appendix. The OES is a questionnaire that reflects esthetic values perceived by the patient by measuring the impact of seven aspects related to the esthetics of the face, lip, tooth, and mouth. The PIDAQ is a questionnaire with 23 questions separated into four domains: 1) esthetic concern (3 questions); 2) psychosocial impact (6 questions); 3) social impact (8 questions); and 4) dental self-confidence (6 questions). The questionnaires were self-completed by the patients. Furthermore, the color of upper canines was assessed by a single calibrated evaluator (Kappa coefficient higher than 0.80) using the VITA Bleachedguide 3D-MASTER®.
Regardless of whether the patient was treated with anti-inflammatory drugs or placebo, the tooth bleaching protocols were the same. After prophylaxis, the teeth to be bleached were isolated using a rubber dam (Top Dam, FGM, Joinville, SC, Brazil) and the patients were subjected to in-office dental bleaching with a 35% hydrogen peroxide whitening agent (Whiteness HP Maxx, FGM, Joinvile, SC, Brazil), following the manufacturer's instructions. The bleaching agent was applied to the buccal surface and allowed to act for 45 minutes without any replacement. The procedures were repeated after one week, and the OES and PIDAQ were reapplied seven days after the last bleaching session. The color of upper canines was also evaluated at the time.
From the 50 participants included in the study, four who did not show up for the additional appointments and data of OES and PIDAQ obtained at baseline were repeated based on the intention-to-treat analysis. Scores from 0 (do not agree) to 4 (completely agree) were attributed to the answers given to each question and the total scores for each domain -"esthetic concern" (3 items), "psychological impact" (6 items), "social impact" (8 items), and "dental self-confidence" (6 items) -were calculated. The total scores recorded at each assessment time were also calculated. The scores observed at different assessment times were compared by the paired t-test. PIDAQ scores were not normally distributed (Shapiro-Wilk test) for "social impact" and the non-parametric Wilcoxon signed rank test was used. The effect size for each domain and the total scores were calculated by the difference between the means of the observed effect and the means observed at baseline.
For each question in the OES, the means observed at baseline were compared to those recorded after tooth bleaching by the paired t-test. The Wilcoxon signed rank test was used when data did not present a normal distribution (ShapiroWilk test). The effect size for each question was calculated using the same procedure described for PIDAQ. Data analysis was performed using the SigmaStat v.3.5 software package (Systat Software Inc., Chicago, IL, USA). The significance level was set at α = 0.05 for all analyses.
ResulTs
Participants' ages averaged 25.8 years (standard deviation of 5.6), with a predominance of women (66.0%) and upper canines with an average score of 10.7 (standard deviation of 1.3), corresponding to shade 4M2 in the VITA Bleachedguide 3D-MASTER®. After tooth bleaching, the average score dropped to 5.6 (standard deviation of 1.3), accounting for an average reduction of 5.1 shade guide units.
The findings obtained with the PIDAQ are presented in Table 1 . Tooth bleaching significantly increased psychological impact and dental self-confidence, reduced the esthetic concern, but did not affect the social impact of tooth appearance. A stronger effect of tooth bleaching was observed for the esthetic concern domain. However, the overall perception of participants was not modified by tooth bleaching. Table 2 shows the results for OES. Except for "facial appearance," there were improvements in participants' satisfaction according to all answers, and a larger effect was observed for the question on tooth color. A significant effect on OES total score was also observed. 
DIsCussIoN
Most studies on tooth bleaching only evaluate tooth sensitivity or color changes [3, 6] , but the patients' perceptions of their dental esthetics are of great importance for the design of clinical protocols [3, 15, 16] . In this study, we evaluated the effect of in-office tooth bleaching on patients' perceptions of their own dentofacial esthetics, as well as their opinion about smile. Interestingly, tooth bleaching that modified only tooth color also affected patients' perception of other aspects related to smile.
Studies evaluating patients' perceptions of dental procedures are a relatively new concern in dentistry [17] . Among the questionnaires used for these evaluations, most studies have used those that associate the impact of dental treatments on oral health-related quality of life. Furthermore, more specific questionnaires that assess people's perceptions of the impact of oral conditions on their well-being have been developed [6, 18] and standards have been created for the translation and adaptation of these questionnaires to different cultures [19] [20] [21] [22] . Both OES and PIDAQ are questionnaires widely used to assess the patients' perception of esthetic concerns and their impact on quality of life. The use of OES is well established in the dental literature [19, 23, 24] since it reflects the esthetic values perceived by patients associated with seven aspects of facial esthetics, including face, lip, teeth, and mouth. While this questionnaire was initially designed to be used in orthodontics, including several questions that evaluate perceptions, with no assessment of tooth color, its use for the evaluation of changes caused by tooth bleaching has yielded interesting results. The Brazilian version of PIDAQ was validated by a prior study [25] , while the validation of OES was not published yet [unpublished data].
Among the aspects evaluated in the OES questionnaire, changes in tooth color, as expected, had the highest impact on participants' perception, with a 78% increase in the scores related to this question. This high effect size is due to the fact that the patients included willing to obtain a smile with whiter teeth. In fact, the color evaluation performed in the present study showed that canines had a reduction of around 5 shade guide units as a result of tooth bleaching, indicating that the effectiveness of the bleaching procedure was perceived by the participants. It is important to emphasize that the general esthetic perception also improved, showing that tooth color largely affects smile esthetics, as demonstrated by previous studies [5, [26] [27] [28] [29] . Interestingly, in addition to the perception of tooth color improvement, the OES questionnaire also showed improvement in participants' perception of their facial appearance, mouth (including lips, smile, and visible teeth), gums, and tooth shape. Since bleaching procedures only modify tooth color, these findings might be explained by increased attention of patients to their overall facial esthetics. As dental procedures were performed, it is reasonable to think that patients began to analyze more frequently other aspects related to their smile that had been overlooked before. However, the effect sizes observed for questions related to other oral esthetic perceptions ranged from 16 to 29% and were much lower than those observed for tooth color.
The PIDAQ revealed that tooth bleaching reduced the participants' esthetic concern, with a 46% reduction in the scores related to that domain, showing that the participants were less concerned with their dental aesthetic. In addition, there was an average increase of 16% in the scores related to the psychological impact domain, and these results indicates a positive impact of whiter teeth on this domain. These results can be explained by the fact that smile attractiveness impacts on social ability, increasing the inclusion and acceptance of patients in society [29] and providing positive judgment, since beautiful people are more confident in relationships, get better jobs with higher salaries, and make friends more easily [31] . Regarding "dental self-confidence," the results demonstrated an average reduction of 16% in the scores. In this domain, the reduction in scores could indicate, for instance, the participant was less concerned with improving his/her smile or with smiling in public, corroborating the positive effect of tooth bleaching. Therefore, the results obtained from PIDAQ suggest that esthetic treatments, such as tooth bleaching, can improve patients' personal satisfaction and, ultimately, their quality of life.
Despite their importance, studies on patients' perception of the outcomes of clinical treatment present some difficulties. In our study, contacting patients after the completion of the bleaching procedure was a problem. When the required tooth color is obtained, many patients tend to drop out of the study, being lost to follow-up. In the present study, only four patients did not answer the questionnaires when they were reapplied, and the 8% dropout rate probably had a negligible negative effect on the results. However, following the Consolidated Standards of Reporting Trials (CONSORT), the data about those patients were included in the data analysis, which was based on intention-totreat. Another limitation of this study was that the participants were predominantly young and undergraduate students. Considering that esthetic perceptions are strongly related to age and sociocultural levels, our findings may not be replicated in studies with older patients or with those from a different sociocultural level. Finally, it should be noted that the questionnaires used were not developed to evaluate the impact of tooth bleaching, and also that the development of more specific questionnaires could increase sensitivity in evaluating patients' perceptions of dental bleaching.
